Abstract: The aim of this study was to compare emotional excitability in purebred Arabian racehorses trained either with a standard method or with additional off-racetrack training. The study was carried out on 46 horses that were trained for racing in a home stud. The control group (CN, n = 23) was trained only on the training racetrack, whereas for the experimental group (EX, n = 23), the training schedule was alternated between work on the training track and off-racetrack training in a forest. The emotional excitability in horses was determined according to the heart rate (HR) and heart rate variability (HRV). The measurements (six times every 30 d) were taken at rest, during grooming and saddling, and during mounting and walking with a rider. The behavior of horses was also assessed. Higher activity of the parasympathetic nervous systems was found in EX horses during procedures preceding the training. This effect disappeared and the results paralleled those of CN horses once the training session with a rider began. The tested modification of the race training had a positive impact on the horse behavior of the horse during grooming, saddling, mounting, and walking with a rider. However, the modification influenced the autonomic system activity of horses only at rest and during the procedures preceding training sessions, whereas the effect was not seen during mounting and walking.
Introduction
The training of sporting horses puts a substantial physical and mental load on them (Goodwin et al. 2009 ). Inaccurate application of training methods beyond the capacity of a horse triggers immense stress and negatively impacts the adaptation mechanisms of the body. Reactions to stress stimuli are associated with behavioral and physiological changes as the body of an animal adapts to handle the pressure of different environmental factors (Waran et al. 2007) . Initial studies on the emotional reactivity of animals were based on observation of the frequency of behavioral reactions and their expression (Young et al. 2012 ). However, it was shown that this method might be insufficient, as the behavior does not always reflect the actual emotional status (Rivera et al. 2002; Cooper and Albentosa 2005) . The evaluation of an animal's behavior should thus be validated with physiological indicators (Broom and Frasaer 2015) .
At present, many scientific methods are used to determine horse emotional excitability (Visser et al. 2001; Burger et al. 2007) . Behavioral methods are considered to be the most accurate. These include the test of a novel object and the test of an open area, as well as observations of some behaviors conducted according to special ethograms (Lloyd et al. 2007 ). However, behavioral assessment may often be misleading, or the manifestation and expression of behavioral reactions may be particularly difficult to observe and, consequently, to be judged objectively. Hence, behavioral methods are often supported by an analysis of physiological parameters, e.g., stress hormone levels such as β-endorfin, serotonines, and cortisol (Lebelt et al. 1998; Houpt et al. 2001; Pritchett et al. 2003; Young et al. 2012) or an analysis of heart work parameters (Munsters et al. 2012) . The latter method is becoming more and more popular because of its noninvasive character (von Borell et al. 2007) . However, in a study by Wilk and Janczarek (2015) , no significant correlations between the frequency of behavioral reactions and heart work parameters were found during the initial round-pen training of purebred Arabian horses, performed with natural methods. Skorupski (2006) demonstrated, according to blood and urine analyses, that even before a training session of saddled-up horses waiting for riders, the level of norepinephrine was higher than the post-exercise level. This indicates that the horses anticipated what might happen during a training session and reacted appropriately according to their previous experience.
It seems that humans should try to reduce as much as possible the stress that a horse experiences during its work (Wilk and Janczarek 2014). However, the horse is not able to avoid stress entirely, and in some circumstances, hormonal reactions of the body support functioning of the animal during the stress (Marlin and Nankervis 2013) . It has been proven that in racehorses, both the emotional excitability and the stress level motivate the animal to compete during a race (Irvine 1983; Gonzalez et al. 1998 ). However, this does not mean that chronicelevated levels of emotional excitability and stress during daily, monotonous training lasting at least several months are admissible. According to Cooper and McGreevy (2007) , routine activities are the main source of behavioral and physiological disorders. Hence, long stress does not motivate the animal, but quite the opposite, it gradually wears the body down. This not only lowers the welfare but also decreases the overall performance (McBride and Mills 2012) . Both of the Yerkes-Dodson laws show unambiguously such consequences. These laws point out that the horse needs an optimal level of stress to function; however, too much stress is destructive (Calabrese 2008) . Hence, in the case of racing horses, in the end, a lowered racing performance may be expected (Davidson 2010) .
It is therefore important to vary training with methods that should clearly aim at reducing stress (Stachurska et al. 2015; Janczarek et al. 2016) . This paper considered the hypothesis that off-racetrack training implemented as alternate training with the standard schedule on a training racetrack might be a method of reducing stress. The objective of the paper was a comparative analysis of emotional excitability in purebred Arabian racehorses trained with a standard method and with additional off-racetrack training.
Materials and Methods

Horses, training, and schedule of measurements
The studies included 46 purebred Arabian horses over two successive years (first year of study, n = 24; second year of study, n = 22). The numbers of stallions and mares were identical. The age of the horses during the experiment ranged between 32 and 36 mo. Janów Podlaski Stud (Poland) was the breeding facility and place of training for all horses included in the study. For races, the horses were transported 200 km to Służewiec Racetrack in Warsaw. Each horse was transported at least once per month in a horse trailer. The 4 h journey took place in the morning (around 0500), of the day on which the horse participated in the race. After the journey, the horses were housed in 3.5 m × 4 m boxes. In the evening, the horses were transported back to their home stud. During the study period, each horse took part in 6-8 races and all horses were clinically healthy.
The experiment started in mid-May (the first measurement). By that time, the horses had already been through 3 mo of regular training sessions on a track. None of the animals had yet competed in any race. The subsequent measurements (second to sixth) were performed at 30 d intervals. The last (sixth) measurement was thus carried out in mid-October.
The number of animals was divided into two numerically equal groups: the control group (CN) and the experiment group (EX). The CN included randomly selected horses (12 stallions and 11 mares) trained in a standard manner, for 6 d per week except for the day preceding a race and 2 d afterward during which the horses only walked in a horse walker for 60 min. The standard training unit with a rider, in a cohort, lasted approximately 40 min and included warm-up such as walking toward a training track (about 10 min), trotting (approximately 10 min), walking (about 5 min), galloping (approximately 3 min at 600-800 m min −1 , depending on the training stage of each horse and training assumptions), and walking toward a stable (for about 10 min). Trotting, followed by walking, and galloping were performed on a sandy training track. Afterward, the horses were unsaddled, cared for (rubbing the neck and back with straw or a tepid shower, depending on the environmental conditions), and then walked for 60 min in a horse walker. Next, the horses were brought back to boxes. The EX included horses (11 stallions and 12 mares) that underwent the standard training alternated with offracetrack training (Table 1) . The standard training procedure was the same as in CN. The weeks in which the horses did not participate in races included three offracetrack trainings sessions per week, whereas during weeks of a race, there were two off-racetrack training sessions per week. A single off-racetrack training session lasted approximately 50 min and included walking toward a nearby forest (about 10 min), alternating walking, trotting, and galloping (at a maximum rate of 350 m min
) on forest routes in a cohort (approximately 30 min), and then walking toward a stable (about 10 min). Posttraining handling procedures were the same as in CN. The measurements were taken on the days of off-racetrack training.
Research methods
Behavioral and physiological methods were applied for assessing the emotional excitability of horses. The behavioral methods included observations of horses during activities preceding training sessions such as grooming and saddling and separately during mounting and walking with a rider. Behavioral assessment was scored on a scale from 1 to 5. The scores were assigned according to the guidelines in specifically designed ethograms (Tables 2 and 3 ).
The physiological methods included measurements of the heart rate variability (HRV) taken at rest and during the mentioned activities preceding a training session, namely grooming and saddling, as well as mounting and walking with a rider. The measurements were taken with Polar Electro Oy type RS800CX telemetric recorders consisting of two electrodes and a transmitter attached at the heart height with a rubber tape and a receiver affixed to a rubber tape (measurements at rest and during grooming) or to a saddle blanket (measurements during saddling, mounting, and walking with a rider).
The following parameters were analyzed in Kubios HRV 2.0. software:
(1) heart rate frequency: the number of heart beats per minute (heart rate, HR); (2) HRV determined with a time method: (a) RR: the time (in milliseconds) between the successive R waves in the ECG recording, which depends on the mechanisms that control the activity of the sinus node and reflects the functional status of the autonomic nervous system; reduced RR value is an adverse indicator; (b) SDRR: the standard deviation of all R-R intervals in the HR (in milliseconds) describing the total variability of sinus rhythm for rapidly changing parameters; an increase in SDRR indicates an increased parasympathetic activity and a decreased sympathetic activity; (c) rMSSD: the root-mean square of the successive differences between adjacent R-R intervals within a short-period variability; the rMSSD is the primary time-domain measurement used to estimate the high-frequency beatto-beat variations that represent vagal regulatory activity; an increased rMSSD shows a shift toward a more parasympathetic dominance (Visser et al. 2002; von Borell et al. 2007 ). The data were checked with regard to the normality of distribution at P ≤ 0.01 (tests: Shapiro-Wilk, KolmogorovSmirnov, Cramer-von Mises, Anderson-Darling). The tests did not reject the normal distribution hypothesis. The analysis of variance was applied for repeated measurements. The group factor (CN and EX), gender of the examined horses (stallions and mares), successive measurement (from the first one to the sixth one), and year of the study (the first year and the second year), and interactions between the investigated factors were included. The significance of differences between the means was determined with the Tukey t test.
Results
The scores for behavior of CN horses during grooming and saddling were significantly higher in the first three measurements than in the three successive measurements (Table 4 ). In the case of EX horses, the results were the opposite. The behavioral scores were significantly lower in the first two measurements than in the successive ones. Moreover, there were significant differences between the scores for the horses from the two investigated groups. Higher scores in EX occurred from the third measurement on.
The scores for behavior of CN during mounting and walking with a rider at the second and third measurements were significantly higher than at the other measurements in this group (Table 5 ). In EX, the scores were significantly lower only at the first measurement. Significantly higher scores for EX than CN were recorded in the last two measurements.
Resting HR in CN did not differ significantly across measurement points (Fig. 1) . RR was significantly higher at the third, fifth, and sixth measurements. The SDRR values were lower only at the third and fourth measurements. A significantly higher rMSSD was recorded for the sixth measurement. In EX, resting HR and rMSSD did not differ across measurement points. RR significantly increased (differences between the first two measurements and the second three measurements, as well as between the second three measurements and the last measurement). Lower SDRR was observed from the second to the fourth measurements. Differences between Table 3 . Ethogram for the assessment of horses during mounting and walking with a rider.
Score Description of reaction 1 Increased motor activity while walking out from a box and mounting (pushing a rider, high head position, trying to bite), the horse attempts to free from a rider; when mounted, an assistant is needed; during walking, the horse often gets startled or starts trotting, multiple attempts at throwing off a rider 2 Increased motor activity while walking out from a box and mounting (pushing a rider, high head position, trying to bite), the horse attempts to free from a rider; when mounted, an assistant is needed; increased motor activity during walking, the horse often gets startled or starts trotting; sometimes the horse attempts to throw off a rider 3 Temporarily increased motor activity while walking out from a box and mounting (pushing a rider, high head position, trying to bite), the horse attempts freeing from a rider; when mounted, an assistant is needed; while walking, the horse often gets startled or starts trotting 4 Calm behavior while walking out from a box and mounting (the horse walks calmly), when mounted, an assistant is needed; while walking, the horse sometimes starts trotting 5 Calm behavior while walking out from a box and mounting (the horse walks and stands calmly), minimal motor activity of the body, calm behavior during walking CN and EX were found for RR (higher EX in the fourth measurement), SDRR, and rMSSD (higher EX in the second to fourth measurements). The parameters in CN recorded during grooming and saddling most often did not differ during successively repeated measurements (Fig. 2) . Only RR was lower at the sixth measurement, and SDRR was significantly higher at the second and fifth measurements. Conversely in EX, differences were recorded for all parameters. At the fourth measurement, HR was significantly lower than for the other measurements. In turn, RR was lower at the second measurement and higher at the fourth and fifth measurements. SDRR significantly increased at the fifth measurement. The rMSSD rose from the second to the fourth measurements. Differences in the level of the same parameters in CN and EX were found for RR (the second, fourth, and sixth measurements), SDRR (the third to sixth measurements), and rMSSD (the fourth to sixth measurements).
No significant differences in HR and RR for CN during mounting and walking with a rider were recorded in successively performed measurements (Fig. 3) . In this group, SDRR and rMSSD were significantly lower at the sixth measurement. These lower values were similar to the values obtained in the fourth measurement. In EX, significant differences were reported for all parameters. HR was significantly lower at the third measurement than values recorded at the first, fifth, and sixth measurements. The RR values were significantly higher at the third and sixth measurements. Mean SDRR was significantly higher at the sixth measurement. The high rMSSD value at the third measurement was similar to that obtained at the fifth measurement. The lowest rMSSD was reported at the sixth measurement. A comparison of the parameters obtained in CN with EX showed statistically significant differences for the RR and SDRR parameters at the sixth measurement.
Discussion
Behavioral observations of the horses provided interesting results. It was found that for successive months of the test and in the examined groups of horses, the scores for behavior during activities related to training differed significantly in many cases. The behavior of CN horses during grooming and saddling changed negatively after the first 3 mo of the testing period. There were problems with bridling, e.g., freeing and lifting the head, and saddling, e.g., dynamic motor activity of the body. Sometimes horses behaved aggressively. The opposite was true for EX in which positive changes in behavior were observed after the first 2 mo of the test. In general, in the initial phase of the experiment, the behavior of the horses from both the groups may be classified as a lack of reaction during body care procedures, with slightly increased motor activity during hoof care, bridling, and saddling. After 2-3 mo, CN horses did not demonstrate any reaction during body care procedures, yet they presented a slightly increased motor activity during hoof care, bridling, and saddling, whereas EX did not show any reaction or presented a positive attitude during grooming, tacking up, hoof care, bridling, and saddling. During mounting and walking with a rider, the behavior of CN and EX differed slightly from that in previous procedures. Although behavioral changes in CN were less evident, in EX, they were positive as observed earlier in the course of the study. At the beginning of the testing period, the horses from both the groups had an increased motor activity when walked out from a box and saddled. They tried to get away from a human, required an assistant when mounted, and became startled while walking or started trotting. These behaviors were observed in CN throughout the testing period. The EX expressed the increased motor activity when walked out from a box and saddled, required an assistant when mounted, and sometimes started trotting while walking. However, this occurred only at the beginning of the test. It is thus evident that for the horses whose training schedule was varied with off-racetrack training, the activities preceding training sessions changed positively; whereas the Resting heart rate (HR) and heart rate variability (HRV) in the horses. Means denoted with different letters (x, y: comparison of the experimental and control groups of horses; a, b, c: comparison of the horses in the successive assessments) differ significantly at P ≤ 0.05. Fig. 2 . Heart rate (HR) and heart rate variability (HRV) parameters in the horses during grooming and saddling. Means denoted with different letters (x, y: comparison of the experimental and control groups of horses; a, b, c: comparison of the horses in the successive assessments) differ significantly at P ≤ 0.05. authors found that the introduction of modifications to the routine training activities had a positive influence on emotional excitability and behavior of horses.
The analysis of heart work parameters only partly confirms the behavioral observations. Resting HR and RR hardly differed between the groups and in successive months of the test. Similar results in purebred Arabian and thoroughbred stallions in round-pen training were reported by Wilk and Janczarek (2015) . The authors did not find significant correlations between the occurrence of behavioral reactions and resting HR and RR. In our study, significant differences in SDRR and rMSSD between the groups in the second to fourth measurements showed a temporary effect of the offracetrack training on the autonomic nervous system. Higher rMSSD indicated elevated parasympathetic activity. The SDRR increase also showed pronounced parasympathetic activity (Visser et al. 2002) . Thus, it seems that the horse's emotional excitability in moderate training is highly suppressed.
During grooming and saddling, HR was the only parameter that did not differ significantly either between the groups or between most of the successive measurements within the same group. This may indicate that HR might be of limited use in the assessment of the horse's emotional status. Similar opinions were also expressed earlier (Visser et al. 2002; von Borell et al. 2007 ). In the case of RR, significant differences occurred between groups, yet they were irregular. More conclusive results were found for SDRR and rMSSD. Starting from the third measurement, the level of these parameters increased significantly until the fifth and fourth measurements, respectively, and was higher in EX than in CN. Those differences may show a positive impact of the off-racetrack training on the autonomic nervous system during the procedures preceding the training.
Mounting and walking with a rider did not reveal significant changes in HR and RR between the groups or between the successive months of training in each group except for one difference. The significantly higher value of this parameter in EX at the last measurement is worth emphasizing because it may indicate a lower level of emotional excitability being the result of off-racetrack training. However, quite surprising results were recorded for SDRR and rMSSD. The first parameter did not differ significantly between the horses from either group except for the last assessment when a higher activity of the parasympathetic system in EX was recorded, although the results were opposite during grooming and saddling. The rMSSD did not differ significantly between the groups. At the end of the study, there was a substantial reduction of this parameter in both groups, which means that the activity of the parasympathetic system decreased regardless of training procedure. Fig. 3 . Heart rate (HR) and heart rate variability (HRV) for the horses during mounting and walking with a rider. Means denoted with different letters (x, y: comparison of the experimental and control groups of horses; a, b, c: comparison of the horses in the successive assessments) differ significantly at P ≤ 0.05.
Conclusion
It is worth emphasizing that off-racetrack training should not be categorically considered a method for reducing or eliminating stress in purebred Arabian racehorses. It positively impacts the behavior of the horse during grooming, saddling, mounting, and walking with a rider. However, it influences the autonomic system activity of horses only during the procedures preceding training sessions, whereas the effect is not seen during mounting and walking. Some of the parameters such as HR or RR do not differentiate horses either by the method of training or during the racing season. HRV parameters studied do indicate the differences between distinctively trained groups of horses. A higher activity of the parasympathetic nervous system is seen in horses of moderate training, yet only before mounting. At the beginning of a daily training unit, this effect disappears and parallels the results of horses trained with a standard procedure. 
